Introduction
Glycosidation reactions catalysed by boron trifluoride with O-glucopyranosyl trichloroacetimidate la as donor,fl. 2 1 alkanethiols as acceptors (HXR: X = S) and molecular sieves as drying agent in CH 2 Ch as solvent at -42 °C afforded a-anomeric alkyl thioglycosides with retention of configuration (Scheme 1).[2 1 Because alcohols (HXR: X = 0) exhibit under these acid catalysis reaction conditions much lower a selectivity, [3] the generally accepted SN I-type mechanism (Scheme I, path a) [4, 5] via BFr-donor adduct I, the generation of glycosyI cation intermediate 11 and the subsequent more or less diastereocontrolled reaction with the acceptor to yield lZo: and lZP was questioned for the quite nucleophilic alkanethiols. Instead, an intramolecular reaction course via an initial attack of the thiol group at the activated iminium carbon leading to adduct III and then rearrangement of the adduct to the a-product lZo. was discussed (Scheme I, path b). (2] Recently it was found that phenylboron difluoride (PhBF 2 ) is unable to activate glycosyl donor 10:. However, the PhBF 2 'alcohol adduct leads, with inversion of configuration, readily to glycosides with high p selectivity, particularly when the inverse procedure (IP) was applied (i.e., addition of the donor to a solution of the acceptor and catalyst).l6] For these highly stereocontrolled reactions a hydrogen-bond-mediated acid/base-catalysed intramolecular SN2-type reaction course was proposed (Scheme 1, path c, X = 0) that is also supported by other results. [6.7] found for glycosyltransferase-catalysed glycosidation reactions)8] As boron has a lower affinity to the sulfur of thiols than to the oxygen of alcohols, [9] it was of interest to determine whether PhBF 2 will catalyse the reactions with thiols at all and when thioglycosides are obtained if prior PhBF 2 ,thiol adduct formation (IV; X = S) will lead under acid/base catalysis via SN2-type transition state V to a reversal of the anomeric selectivity and to p-thioglycoside lZp. Thus, further strong support for this reaction course would be obtained.
Results and Discussion
The main focus of this work was on the use of PhBF 2 as catalyst; for comparison, some studies with BF 3'OEt 2 and trimethylsilyl trifluoromethanesulfonate (TMSOTf) as catalysts are reported ( Table 1) . As previously found, the reaction of glucosyl donor 10: with isopropanethiol (A) as acceptor ( Figure I ) in the presence of molecular sieves (4 A) and BF 3 'OEt 2 as catalyst afforded at -42 °C under the normal procedure (NP: addition of the catalyst to a solution of the donor and acceptor) the a anomer lAo. (entry 1).£2. 10 ] When this reaction was carried out under IP conditions at -78 QC without the addition of molecular sieves, a mixture of anomers with a slight preference for lAP was obtained (entry 2). With the widely employed TMSOTf as catalyst under NP and IP conditions, practically the same results were obtained with a preference for the a anomer (entries 3 and 4) and with B(SC}H7h as acceptor and TMSOTf as catalyst a very slow reaction was observed under these conditions (entry 5). Hence, the result with PhBF 2 as catalyst was of great interest as this reagent is too weak to activate donor la in the absence of an acceptor. Only the adduct IV (Scheme I, X = S) will react and indeed 19F NMR analysis indicated an interaction between PhBF 2 and the thiol groups (no change was observed in the IH NMR spectrum). The reaction of la with A under NP conditions led mainly to B anomer lA~ (entry 6). However, as expected, IP conditions enhanced the formation of lA~ (entry 7), thereby supporting the proposed SN2-type transItIOn state V (Scheme I). Therefore these reaction conditions were employed in the following studies. Because boron has a higher affinity to hydroxy groups than thiols,[9J comparison studies were of interest. To this end, 4-mercaptobutanol (F) was selected as the acceptor and under the standard conditions it was treated with donors la-3a (Scheme 2). As expected, only p-selective reactions at the hydroxy group of F were observed leading essentially to IF(3-3F~, respectively; these compounds were characterized as their S-acetyl derivatives lFarJ-3Fap. The observed chemoselectivity offers various possibilities for targeted functional group variations without resorting to protecting group manipulations. Therefore, as a more interesting case, 2,3,4-tri-O-benzyl-a-D-glucopyranosyIthiol (G) f1 8 J was also investigated as acceptor with 10: as donor. With PhBF 2 as catalyst under the standard reaction conditions in a highly p-selective reaction exclusive hydroxy group attack was observed leading mainly to lGP. f1 8 J Thus, the strong interaction between boron and oxygen outbalancing the greater nucleophilicity of the sulfur is confirmed. 
Conclusions
O-Glycosyl trichloroacetimidates as donors and thiols as acceptors gave under standard acid catalysis conditions preferentially or exclusively a-thioglycosides whereas acid/ base catalysis with PhBF 2 led mainly to p-thioglycosides. As the glycosyl donors employed do not provide anchimeric assistance the p selectivity strongly supports the previously invoked hydrogen-bond-mediated acid/base-catalysed intramolecular SN2-type reaction course. Acceptors with unprotected thiol and hydroxy groups exhibit a high affinity for boron through the hydroxy groups as only p-selective glycosi dation reactions with the hydroxy moieties were observed with PhBF 2 as catalyst.
Experimental Section
General Methods: Solvents were purified by standard procedures. IH and l3C NMR spectra were recorded at 22°C with a Bruker spectrometer CH: 400 MHz; 13C: 100 MHz). Tetramethylsilane Ci 2 ] was added to a solution of the acceptor (l equiv.) in CH 2 Cl 2 at room temperature. The reaction mixture was then cooled to -78°C. The donor (l equiv.) was dissolved in a minimum amount of CH 2 Cl z and after cooling to -78°C it was added to the reaction mixture at once. The mixture was stirred at the same temperature until TLC indicated complete consumption of the starting material. The reaction was quenched with aqueous NaHC0 3 and extracted with CHzCI,. The organic layer was washed with water, dried with MgS04 and concentrated in' vacuo. The crude product was purified by flash column chromatography with petroleum ether/EtOAc as eluent to afford the desired glycoside. This way in most cases only the major anomer was obtained (see data of the compounds).
Procedure B -Normal Procedure: The catalyst [PhBF 2 or TMSOTf (0.1 equiv.) in CH 2 CI 2 ] was added dropwise to a cooled solution (-78°C) of the donor (I equiv.) and acceptor (I equiv.) in CH 2 CI 2 . The mixture was stirred at the same temperature until TLC indicated complete consumption of the starting material. The reaction was then quenched with aqueous NaHC0 1 and extracted with CH 2 Cl z . The organic layer was washed with water, dried with MgS04 and concentrated in vacuo. The crude product was purified by flash column chromatography with petroleum etherlEtOAc as eluent to afford the desired glycosides.
Procedure C -Representative Procedure for the Acetylation: Acetic anhydride (0.5 mL), dry pyridine (0.5 mL) and a few crystals of 2718 DMAP were added to a stirred solution of the hydroxy compound in dry CH 2 Cl 2 (2 mL) at room temperature. The reaction mixture was stirred at room temperature until TLC indicated complete consumption of the starting material (12 h). Then the reaction mixture was diluted with CH 2 Cl 2 (10 mL) and washed with diluted HCl. The organic layer was dried with MgS04 and concentrated in vacuo. The residue was purified by flash column chromatography with petroleum etherlEtOAc as eluent. 
